Three polymorphs of 2,4,6-tribromobenzonitrile (RCN), C 7 H 2 Br 3 N, two of which are novel and one of which is a redetermination of the original structure first determined by Carter & Britton [(1972) . Acta Cryst. B28, 945-950] are found to be polytypic. Each has a layer structure which differs only in the stacking of the layers. Each layer is composed of molecules associated through C NÁ Á ÁBr contacts which form R 2 2 (10) rings. Two such rings are associated with each N atom; one with each ortho-Br atom. No new polytypes of 1,3,5-tribromo-2-isocyanobenzene (RNC) were found but a re-determination of the original structure by Carter et al. [(1977) . Cryst. Struct. Commun. 6, 543-548] is presented. RNC was found to be isostructural with one of the novel polytypes of RCN. Unit cells were determined for 23 RCN samples and 11 RNC samples. Polytypes could not be distinguished based on crystal habits. In all four structures, each molecule of the asymmetric unit lies across a mirror plane.
Chemical context
The reported structures of 2,4,6-tribromobenzonitrile (RCN, Figs. 1 and 2; Carter & Britton, 1972 ) and 1,3,5-tribromo-2-isocyanobenzene (RNC, Figs. 1 and 3; Carter et al., 1977) have two-dimensional layers of similarly arranged molecules, but the packing of adjacent layers is distinctly different. At the time, no explanation was offered. It was puzzling, given that the two compounds are isoelectronic, isosteric, and the principal intermolecular interactions, C NÁ Á ÁBr and N CÁ Á ÁBr, are similar. Recent reports of polytype organic structures, such as picryl bromide (Parrish et al., 2008) and 5,6-dimethylbenzofurazan 1-oxide (Britton et al., 2012) led to the idea that RCN and RNC might occur as polytypes. Earlier, Bredig (1930) had determined the space group and unit cell of RCN with the same results as Carter & Britton. Bredig was trying to follow up on the goniometer studies of Jaeger (1909) , but while he found the same a:b ratio as Jaeger in the RCN unit cell, he found a different b:c ratio.
Accordingly, a search was made for polytypes of RCN, and to a lesser extent, of RNC. Four different structures were identified. RCN-I is the original Z = 2 structure of RCN; RCN-II is a new Z = 8 polytype; RCN-III is a new Z = 12 polytype. No RNC counterparts to RCN-I or RCN-III were observed.
Structural commentary
Molecules of RCN and RNC are nearly planar. The average distance of atoms from the plane of best fit is 0.025 Å in RCN-I. For RCN-II, the average distances are 0.037 and 0.010 Å , for the (N27) and (N37) molecules, respectively. In RNC-II, the molecules are slightly more distorted, with average deviations of 0.043 and 0.017 Å for the (N127) and (N137) molecules, respectively. For RCN-III, the average distances are 0.009, 0.018, and 0.032 Å for the (N47), (N57), and (N67) molecules, respectively.
The bond lengths in RCN and RNC are generally similar (Fig. 4) . They are also similar to the mean bond distances reported for bonds of each type (Allen et al., 1987) . The N research communications Molecular structures, with atom labeling, of ; ; . Displacement ellipsoids are drawn at the 50% probability level. In discussion, molecules are named by their respective nitrogen atoms. Each molecule lies across a crystallographic mirror plane.
Figure 3
Molecular structure, with atom labeling, of RNC-II viewed along [120] . Displacement ellipsoids are drawn at the 50% probability level. Each molecule lies across a crystallographic mirror plane.
Figure 4
Selected bond lengths (Å ) in RCN and RNC, averaged across all polytypes. The data shown in parentheses are the mean distances for each bond type reported by Allen et al. (1987) . atom in RNC is displaced toward the aryl ring compared to the literature distances for aryl isocyanides. (Etter, 1990; Bernstein et al., 1995) . The CNÁ Á ÁBr distances in these rings range between 3.053 and 3.077 Å (Table 1) ; these distances can be compared with the NÁ Á ÁBr van der Waals distance of 3.40 Å (Bondi, 1964; Rowland & Taylor, 1996) . Each layer in RCN-II is composed of alternating (N27) and (N37) molecules. RCN-III contains two layers of alternating (N47) and (N57) molecules for each layer composed entirely of (N67) molecules. Adjacent pairs of layers show translational or pseudotranslational, or pseudocentric stacking (Fig. 6 ). RCN-I shows translational stacking between all adjacent layers (Fig. 7) . In RCN-II, alternating pairs of layers show pseudocentric and pseudotranslational stacking (Fig. 8) . In RCN-III, each layer of (N67) molecules pseudotranslationally overlaps both neighboring (N47/N57) layers, while pairs of adjacent (N47/N57) layers, every third pair of layers, overlap pseudocentrically (Fig. 9 ).
Supramolecular features
180 Britton et al. The NCÁ Á ÁBr contact distances in RNC-II are a smaller percentage of the van der Waals distance, 3.63 Å , versus corresponding atoms in RCN-II. The contacts in RNC-II occur at slightly wider angles than those in RCN-II (Table 1) .
In RCN-II, the planes of best fit of the two different molecules are inclined by 6.5 to each other; in RNC-II this inclination is 7.5
. In RCN-III, the relative inclination of planes of (N47) and (N57) molecules is 7.0 . These two planes are approximately bisected by the planes of (N67) molecules.
Database survey
A search of the Cambridge Structural Database (Version 5.36, update 3; Groom & Allen, 2014) for 2,4,6-trihalo-3,5-unsubstituted benzonitriles found nine entries: RCN; its trichloro analog, Gol'der et al. (1952) , Carter & Britton (1972) , Pink et al. (2000) ; its trifluoro analog, Britton (2008) ; four mixedhalogen entries, Gleason & Britton (1978) , Britton (2005) , Britton et al. (2002), and Britton (1997) . Searching for the corresponding isocyanides found two entries: RNC and its trichloro analog (Pink et al., 2000) .
Layers of the type observed in RCN were reported in 2,6-dibromo entries with Cl, Br, or I at the 4-position. Other entries exhibit short contacts between the cyano-or isocyanogroup and one ortho-halogen atom of an intralayer molecule, with various interlayer contacts. Polymorphs are only reported for 2,4,6-trichlorobenzonitrile; those are not polytypic.
Expanding the search to include organometallic complexes found three more entries, with the cyano N or isocyano C atom ligating gallium (trifluorobenzonitrile; Tang et al., 2012), rhenium (trichloroisocyanobenzene; Ko et al., 2011) , and ruthenium (RNC; Leung et al., 2009) .
Synthesis and crystallization
2,4,6-Tribromoaniline was prepared from aniline according to the work of Coleman & Talbot (1943) .
RCN, adapted from the work of Toya et al. (1992) : Diazotization: 2,4,6-Tribromoaniline (1.25 g), water (2.5 ml), and glacial acetic acid (4.4 ml) were combined in a roundbottomed flask. The resulting suspension was cooled in an ice bath, and then H 2 SO 4 (98%, 1.0 ml) was added dropwise, followed by an ice-cold solution of NaNO 2 (520 mg) in water (4 ml). The resulting mixture was warmed to 310 K for 1 h, and then cooled in an ice bath. Cyanide suspension: CuCN (680 mg) and NaCN (1.12 g) were dissolved in water (20 ml). NaHCO 3 (10.9 g) and ethyl acetate (10 ml) were added, giving a suspension, which was cooled in an ice bath. Cyanation: The diazotization mixture was added dropwise to the cyanide suspension as quickly as possible without causing excessive foaming. The ice bath was removed and then the mixture was stirred overnight. The organic phase was set aside. The aqueous phase was extracted with ethyl acetate (3 Â 10 ml). The combined organic portions were washed with brine (10 ml), dried with Na 2 SO 4 , and concentrated at reduced pressure, giving a brown powder, which was purified by column chromatography (SiO 2 , hexane-ethyl acetate, gradient from 1:0 to 10:1). The desired fraction (R f = 0.61 in 8:1) was concentrated at reduced pressure, giving beige needles (760 mg, 59%). M.p. 400-400.5 K (lit. 402 K; Giumanini et al., 1996) 2,4,6-Tribromoformanilide, adapted from the work of Krishnamurthy (1982) : Acetic anhydride (3.2 ml) and tetrahydrofuran (THF, 5.0 ml) were combined in a roundbottomed flask. Formic acid (88% aq., 1.7 ml) was added dropwise. The resulting solution was stirred for 30 min at room temperature. A solution of 2,4,6-tribromoaniline (1.82 g) in Table 1 Short contact geometry (Å , ). (6) 3.057 (3) 131.47 (7) C67 N67Á Á ÁBr62 iv 1.139 (6) 3.065 (3) 131.96 (7) THF (20 ml) was added dropwise. The resulting mixture was stirred for 18 h. The resulting heterogeneous mixture was filtered through neutral alumina (Sigma-Aldrich 199974, 5 cm H Â 3 cm D), with addition of sufficient THF to elute all product, as indicated by TLC. The filtrate was concentrated at reduced pressure. The resulting residue was washed with sat. NaHCO 3 solution (50 ml), and then filtered. The filter cake was recrystallized from acetone, giving white needles (1.72 g, 87% RNC, adapted from the work of Ugi et al. (1965) : 2,4,6-Tribromoformanilide (1.96 g) and N,N-diisopropylethylamine (DIPEA, 3.4 ml) were added to 1,2-dichloroethane (75 ml). The resulting suspension was refluxed for 5 min, and then cooled to room temperature. POCl 3 (0.6 ml) was added dropwise. The mixture was stirred for 18 h, cooled in an ice bath, and then filtered through neutral alumina (3 cm H Â 3 cm D), with addition of sufficient dichloromethane (DCM) to elute all product as indicated by TLC. The filtrate was concentrated at reduced pressure. The resulting yellow residue was dissolved in DCM (25 ml), cooled in an ice bath, and washed with ice-cold acetic acid solution (0.025 M, 3 Â 15 ml), and then ice-cold sat. NaHCO 3 solution (15 ml). The organic phase was collected, dried with Na 2 SO 4 , and then concentrated under a stream of nitrogen, giving beige needles upon filtration (630 mg, 34% Computer programs: SMART, APEX2 and SAINT (Bruker, 2002) , SHELXT (Sheldrick, 2015a) , SHELXL2014 (Sheldrick, 2015b) , Mercury (Macrae et al., 2008) , SHELXTL (Sheldrick, 2008) , enCIFer (Allen et al., 2004) , and publCIF (Westrip, 2010) .
Refinement
Crystal data, data collection, and structure refinement details for RCN and RNC are summarized in Table 2 . H atoms were placed in calculated positions and refined as riding atoms, with C-H = 0.95 Å and U iso (H) = 1.2U eq (C). (Macrae et al., 2008) ; software used to prepare material for publication: SHELXTL (Sheldrick, 2008) , enCIFer (Allen et al., 2004) , and publCIF (Westrip, 2010) . 
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